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1.0  INTRODUCTION 


MIL-H-83282  is  a  synthetic,  less  flammable  hydraulic  fluid  that  replaced  the  flammable  MIL-H-5606 
hydraulic  fluid  in  most  Air  Force  aircraft.  MIL-H-83282  does  not  meet  the  viscosity  requirements  for  -65  *F 
operation.  However,  MIL-H-87257,  the  low  temperature  version  of  MIL-H-83282  fluid,  does  meet  these 
requirements. 

In  an  effort  to  convert  the  B-l  aircraft  from  MIL-H-5606  to  MIL-H-87257,  the  Air  Force  sponsored  a 
study  conducted  by  Rockwell  International  from  April  1991  through  June  1992,  under  contract  F34601- 
89-C-0401.  The  results  of  this  study  are  published  in  Rockwell  Report  NA-91-1598,  dated  17  June  1992. 

As  part  of  this  study,  two  pump  tests  were  conducted  by  Vickers  using  B-l  aircraft  hydraulic  pumps 
(Vickers  PV3-300-7B)  and  MIL-H-87257  (ROYCO  777)  hydraulic  fluid.  During  the  first  test,  the  pump 
failed  prematurely.  The  second  test  was  stopped  before  the  scheduled  test  duration  because  some  metal 
was  observed  in  the  filter  patch-test.  Due  to  lack  of  funding  no  additional  pump  tests  were  carried  out  to 
check  the  compatibility  of  MIL-H-87257  and  B-l  hydraulic  pumps.  This  being  the  only  unresolved  issue 
standing  in  the  way  of  transitioning  this  fluid  to  the  B-l  aircraft,  the  Nonstructural  Materials  Branch  of 
the  Materials  Directorate  of  Wright  Laboratory  (WL/MLBT)  decided  to  conduct  in-house  pump  tests  with 
MIL-H-87257  and  B-l  hydraulic  pumps  to  provide  the  necessary  data.  The  results  of  the  two  pump  tests 
carried  out  at  WL/MLBT  are  the  subject  of  this  report. 

2.0  TEST  OBJECTIVE 

The  objective  of  this  program  was  to  complete  the  initial  studies  begun  by  Rockwell  to  determine  the 
compatibility  of  MIL-H-87257  with  the  B-l  hydraulic  pumps. 

3.0  PUMP  TESTS 

The  Vickers  PV3-300-7B  hydraulic  pump  is  a  constant  pressure,  variable  displacement  pump  capable  of 
very  high  flow  rates  of  up  to  64  gpm  and  requiring  high  horsepower  input.  Due  to  the  horsepower 
limitations  of  the  WL/MLBT  hydraulic  pump  test  stand,  it  was  not  practical  to  duplicate  either  the 
qualifying  tests  or  the  tests  conducted  at  Vickers.  After  reviewing  the  test  conditions  and  the  pump  failure 
modes  generated  at  Vickers  during  the  hydraulic  pump  testing  of  MIL-H-87257  hydraulic  fluid,  the 
following  plan  was  agreed  upon  by  all  the  interested  organizations. 

3.1  PUMP  TEST  PLAN 


Hydraulic  Pump: 
Test  Fluids: 


Test  Duration: 


Pump  Inlet  Pressure: 
Pump  Outlet  Pressure: 
Pump  Outlet  Flow: 
Pump  Shaft  Speed: 


Vickers  Model  PV3-300-7B  Pump  (new  pump  for  each  test). 

MIL-H-5606F,  Baseline,  WL/MLBT  Pump  Test  33 
MIL-H-87257  (ROYCO  777),  WL/MLBT  Pump  Test  34 

Total  90  hours. 

STAGE  I:  30  hours 

STAGE  II:  30  hours 

STAGE  III:  30  hours 

95-100  psig. 

4150  psig. 

50  gpm. 

5250  rpm. 
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Pump  Inlet  Temperature:  STAGE  I:  180  °F 

STAGE  II:  210  °F 

STAGE  III:  250  °F 

Filter  Elements:  Main  Filter  -  Pall  Corporation,  P/N  AC-95 16F-1, 

3  micron,  replaced  after  each  test 

Heat  Exchanger  Bypass  Filter  -  Pall  Corporation 

P/N  AC-703 1F-1297Y6,  5  micron,  replaced  after  each  test 

Case  Drain  Filter  -  Pall  Corporation  P/N  AC-703 1F-1297, 

5  micron,  replaced  after  each  test 

Patch  Filter  -  Millipore  (housing  P/N  XX047-00,  element 
P/N  LSWP-047-00),  5  micron,  inspected  and  replaced  after 
each  stage 

Fluid  Samples:  Taken  at  approximately  0, 6,  15,  and  30  hours  of  each  stage 

Pump  Disassembly 

and  Inspection:  Pretest  and  after  each  stage 

3.2  HYDRAULIC  PUMP  TEST  STAND  MODIFICATIONS 

The  existing  pump  test  stand  at  WL/MLBT  was  designed  primarily  for  testing  new  and  experimental 
hydraulic  fluids  using  small  to  medium  displacement  aircraft  hydraulic  pumps  operating  at  low  flow  rates. 
The  PV3-300-7B  is  a  large  displacement  pump,  which  would  be  operated  at  high  flow  rates  during  these 
tests.  To  accommodate  these  flow  rates,  an  increase  in  power,  tubing  size,  filter  capacity  and  heat 
exchanger  capacity  was  necessary.  The  modified  test  circuit  is  shown  in  figure  1.  The  variable  speed 
drive  motor  on  the  existing  test  stand  would  supply  the  additional  power  needed  as  it  would  produce  150 
hp  versus  the  approximate  145  hp  the  pump  required  at  the  test  plan  flow  rate  of  50  gpm.  In  order  to 
satisfy  the  other  requirements,  major  changes  to  the  pump  test  stand  were  necessary.  The  hydraulic 
circuits  of  the  existing  test  stand  were  altered  in  the  following  manner: 

a.  High  pressure  flow  (pump  outlet)  -  To  accommodate  the  higher  pressure  and  flow  rate  from  the 
pump  this  circuit  was  rebuilt  using  larger  tubing  size.  The  throttling  valve  was  modified  using  an 
upgrade  kit.  A  circuit  was  also  added  to  bypass  this  valve.  The  relief  valve  was  upgraded  and  re¬ 
calibrated.  The  sensors  remained  unchanged. 

b.  Case  drain  flow  -  What  had  been  the  main  return  hydraulic  circuit  was  modified  to  serve  as  the 
new  case  drain  circuit.  The  same  heat  exchanger,  filter  assembly,  flow  meter  and  other  sensors  were 
utilized.  Several  valves  and  additional  sensors  were  also  incorporated  into  this  circuit  for  temperature- 
pressure  indication  and  control. 

c.  Main  return  flow  (pump  inlet)  -  An  entirely  new  circuit  was  designed  and  fabricated. 
Downstream  of  the  throttle  valve  the  new  main  return  flow  was  split  into  two  similar  circuits.  The  flow 
through  these  circuits  passed  through  individual  heat  exchangers  and  filters  before  being  rejoined.  Also, 
at  this  junction  the  flow  from  the  heat  exchanger  bypass  circuit  was  added  with  the  combined  flow 
subsequently  passing  through  a  new  high  capacity  flow  meter.  Case  drain  flow  and  any  needed  make-up 
fluid  from  the  reservoir  were  then  added  to  the  return  flow.  Further  downstream  were  several  sensors  and 
a  sampling  valve  before  connection  to  the  pump  inlet. 


2 


To  accomplish  these  changes  and  other  necessary  modifications  to  the  test  stand,  the  following  major 
items  were  designed,  fabricated,  purchased  or  otherwise  obtained: 

a.  A  new  pump  mounting  flange  and  drive  spline  were  designed  and  fabricated  with  the  help  of 
necessary  installation  drawings  furnished  by  Vickers  Corporation. 

b.  New  hydraulic  fittings  which  mate  with  the  pump  inlet-outlet  and  which  also  use  the  same 
spring  energized  seals  as  on  the  aircraft  were  designed  and  fabricated.  An  adapter  was  purchased  for  the 
Rosan  fitting  on  the  pump  case  drain. 

c.  New  throttle  valve  parts  were  purchased  to  upgrade  this  valve. 

d.  Two  large  (3'  long  x  8"  diameter)  heat  exchangers  were  purchased.  The  large  size  heat 
exchangers  were  needed  for  the  180  °F  inlet  temperature  requirement  for  Stage  I. 

e.  Two  large  capacity  filter  assemblies  including  elements  were  graciously  provided  by  Pall 
Corporation. 

f.  A  new  high  capacity  cooling  system  recirculating  pump,  associated  fittings  and  hoses  were 
purchased.  Modification  to  the  cooling  systems  reservoir  was  also  made  to  accommodate  this  new  pump. 

After  all  these  changes  were  accomplished,  the  test  stand  required  approximately  8  gallons  of  test  fluid  to 
fill,  the  majority  of  it  being  in  the  heat  exchangers  and  filters.  During  operation,  approximately  7  gallons 
of  fluid  circulated.  A  schematic  of  the  entire  B-l  hydraulic  pump  test  circuit  is  shown  in  Figure  2. 

3.3  PUMP  TESTS 

The  WL/MLBT  hydraulic  pump  test  stand  is  computer  controlled  with  automatic  shutdown  interlocks. 
Data  obtained  during  testing  is  presented  digitally  and  simultaneously  recorded  on  strip  charts. 

During  these  tests,  pump  stand  start  up  was  accomplished  in  the  following  manner.  After  proper  pump 
test  stand  preparation,  the  pump  depressurizing  circuit  was  energized  which  allowed  the  drive  motor  and 
the  pump  speed  to  be  increased  at  lower  pump  outlet  pressures.  After  a  few  seconds  and  at  around  5000 
rpm,  this  circuit  was  de-energized  allowing  the  outlet  pressure  to  increase  to  normal  levels.  The  speed 
was  then  increased  to  5250  rpm,  followed  by  a  gradual  increase  of  the  output  flow  from  the  startup  value 
of  3  gpm  to  50  gpm.  The  pump  inlet  temperature  was  maintained  at  the  desired  value  and  the  test 
continued  for  the  entire  30  hour  stage  duration. 

3.3.1  PUMP  TESTS  33  AND  34 

The  MIL-H-5606F  testing  was  conducted  as  outlined  in  Section  II  except  that  the  pretest  pump 
disassembly  and  inspection  before  the  start  of  Stage  I  was  not  conducted.  This  pump  was  installed  on  the 
test  stand  in  order  to  verify  proper  operation  of  the  modified  test  stand.  During  this  verification  process, 
and  filling  the  stand  with  fresh  MIL-H-5606F,  approximately  12  operating  hours  were  accumulated  on  the 
pump,  of  which  very  few  were  at  high  flow  rates  or  at  high  fluid  temperature.  It  was  then  decided  to 
continue  using  this  pump  for  Test  33  without  removing  it  from  the  stand  for  pretest  inspection.  During 
inspection  after  Stage  I  completion,  a  slight  anomaly  was  observed  on  the  rubbing  surfaces  of  the  piston 
shoes  -  radial  erosion  lines  across  the  shoe  faces.  Unfortunately,  since  there  was  no  pump  inspection 
before  the  beginning  of  Stage  I  there  is  no  way  to  determine  if  these  lines  were  generated  during  pump 
stand  operation  verification.  Stage  I  testing  or  were  there  to  begin  with.  This  condition  did  not  seem  to 
affect  the  performance  of  the  pump.  The  subsequent  pump  inspections  after  Stage  II  and  III  revealed  little 
or  no  change  in  the  appearance  of  these  lines.  With  the  exception  of  these  radial  lines,  the  disassembly 
and  inspection  of  the  pump  after  each  stage  completion  showed  only  slight  polishing  wear  with  no  signs 
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of  loose  material  or  debris.  No  evidence  of  cavitation  on  any  pump  parts  was  observed.  Overall,  the 
pump  and  the  test  fluid  performed  well  during  this  test.  No  adjustments  were  made  to  the  pump 
compensator  before  or  during  this  test.  Inspection  of  the  patch  filter  after  each  stage  completion  revealed 
nothing  unusual.  No  significant  leaks  were  observed  from  the  test  stand.  A  total  of  about  500  ml  of  fluid 
leaked  from  the  pump  shaft  seal.  After  completion  of  this  test  the  great  majority  of  the  fluid  was  drained 
from  the  tubing,  filter  assemblies,  reservoir  and  heat  exchangers.  Some  of  the  tubing,  the  filter  bowls  and 
both  large  heat  exchangers  were  removed  from  the  stand  and  drained.  The  heat  exchangers  were  partially 
disassembled  to  facilitate  the  draining  process. 

Pump  Test  34  with  M1L-H-87257  fluid  was  also  conducted  as  outlined  in  Section  II.  Again,  the  pump  and 
test  fluid  performed  well.  There  were  no  discrepancies  observed  during  pump  inspections  which  were 
conducted  after  the  completion  of  each  stage.  There  were  no  signs  of  any  loose  material  or  debris,  and 
only  some  slight  polishing  wear  was  observed  on  most  rubbing  surfaces.  No  evidence  of  cavitation  on  any 
pump  part  was  observed.  No  adjustments  were  made  to  the  pump  compensator  before  or  during  this  test. 
Inspection  of  the  patch  filter  revealed  nothing  unusual.  No  significant  leaks  were  observed  from  the  test 
stand.  A  total  of  1 15  ml  of  fluid  leaked  from  the  pump  shaft  seal. 

Photographs  of  all  critical  pump  parts  and  surfaces  were  taken  during  the  pump  inspections.  These 
photos  are  presented  in  Appendix  A  and  B.  Detailed  video  movies  were  made  during  each  disassembly 
and  inspection,  and  are  available  for  loan  from  WL/MLBT  (point  of  contact:  Shashi  K.  Sharma,  at 
(937)  255-9029). 

The  pump  case  drain  flow  rates  were  observed  and  recorded  during  both  pump  tests.  A  comparison  plot 
of  the  data  is  shown  in  Figure  3.  It  is  interesting  to  note  the  case  drain  flow  rates  for  the  MIL-H-5606F 
fluid  start  out  lower,  but  end  up  at  a  higher  rate  when  compared  to  the  flow  rates  for  MIL-H-87257  fluid. 
This  is  attributed  to  the  loss  of  viscosity  of  MIL-H-5606  with  time  due  to  its  shear  instability,  discussed 
later. 

The  bleeding  of  air  from  the  test  stand  was  more  difficult  in  the  case  of  MIL-H-5606  as  it  seemed  to  retain 
more  air  than  MIL-H-87257. 

3.4  ANALYSIS  OF  FLUID  SAMPLES 

During  the  pump  tests,  fluid  samples  were  extracted  from  the  operating  test  stand  as  the  testing 
progressed.  These  samples  were  taken  at  the  approximate  intervals  listed  in  Section  II.  A  number  of 
different  analyses  were  conducted  on  these  samples. 

The  viscosities  of  the  fluid  samples  taken  were  determined  at  40  °C  and  100  °C.  These  viscosities  are 
compared  in  Figure  4.  It  is  easily  seen  that  MIL-H-5606F  suffered  significant  viscosity  losses  during  the 
first  30  hours  of  pump  testing,  whereas  the  viscosity  of  MIL-H-87257  was  very  stable  throughout  the  test. 
The  viscosity  index  (VI)  improvers  used  to  boost  the  viscosity  of  MIL-H-5606,  break-up  under  the  high 
shear  environment  inside  the  pump,  causing  a  permanent  loss  of  the  fluid  viscosity.  Under  the  high 
pressure  and  high  shear  rate  environment,  the  VI  improved  fluids  behave  more  like  the  base  oil 
(Reference  1). 

Water  content  and  acid  numbers  of  the  fluid  samples  were  determined  and  are  shown  in  Table  1. 

Trace  metal  analysis  was  also  performed  on  these  fluid  samples.  The  samples  were  analyzed  for  19 
elements  including  Fe,  Ag,  Cr,  Cu,  Mg,  Na,  Ni,  Pb,  Si,  Sn,  Ti,  B,  Ba,  Cd,  Mn,  Mo,  V,  and  Z.  Only  those 
elements  which  show  concentrations  above  0.1  ppm.  are  reported  in  Table  2. 

Samples  taken  at  the  end  of  each  stage  of  testing  and  the  fresh  samples  of  each  of  the  test  fluids  were 
evaluated  for  lubricity.  These  evaluations  were  accomplished  by  4-ball  wear  testing  method  (ASTM  D- 
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4172).  The  results  of  the  lubricity  tests  are  shown  in  Figure  5.  Clearly,  these  data  indicate  better  lubricity 
for  MIL-H-87257  when  compared  to  MIL-H-5606F. 

4.0  CONCLUSIONS 

4.1  MIL-H-5606  and  MIL-H-87257  hydraulic  fluids  were  successfully  pump  tested  in  B-l  aircraft 
hydraulic  pumps  under  identical  conditions.  Both  pumps  showed  only  slight  polishing  wear  with  the 
exception  of  the  appearance  of  radial  lines  on  the  piston  shoe  faces  of  the  pump  tested  with  MIL-H-5606. 
It  could  not  be  concluded  whether  these  lines  appeared  during  the  testing,  or  existed  prior  to  the  test. 
However,  these  lines  did  not  seem  to  affect  the  functioning  of  the  pump,  and  also  did  not  grow  in  size 
during  the  test.  No  cavitation  on  any  pump  parts  was  observed  for  both  tests. 

4.2  MIL-H-87257  exhibited  better  lubricity  than  MIL-H-5606,  as  determined  by  the  ASTM  D-4172  four- 
ball  wear  tests. 

4.3  Viscosity  of  MIL-H-5606  reduced  by  50%  during  the  first  30  hours  of  testing. 

4.4  MIL-H-5606  seems  to  retain  more  air  than  MIL-H-87257. 

4.5  MIL-H-87257  has  exhibited  equivalent  or  better  performance  than  MIL-H-5606  in  the  B-l  hydraulic 
pump  tests. 

5.0  REFERENCES 

1.  Sharma,  S.K.  and  Forster,  N.H.,  and  Gschwender,  L.J.,  "Effect  of  Viscosity  Index  Improvers  on  the 
Elastohydrodynamic  Lubrication  Characteristics  of  a  Chlorotrifluoroethylene  and  a  Polyalphaolefin 
Fluid,"  Tribology  Transactions,  vol.  36,  no.  3,  pp  555-564,  Oct  1993 
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FLOW  PRESSURE 
(gpm)  X100  (psig) 


kBTU/Hr  VELOCITY 
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Figure  1.  Hydraulic  Pump  Test  Stand  Configurations 


DISC  FILTER  FLOWMETER 
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VISCOSITY  (cSt) 


Figure  4.  Viscosity  change  in  B-1  pump  tests 
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4-BALL  WEAR  SCAR  (mm) 


m  MIL-H-5606 
□  MIL-H-87257 


ASTM  D4172;  0.5  in.  52100 
1200  rpm,  40  Kg,  167°F 


FRESH  OIL  STAGE  I  STAGE  II  STAGE  III 

Figure  5.  Four-Ball  Wear  Scar  with  B-l 
Pump  Test  Fluid  Samples 


7.0  TABLES 


TABLE  1 .  WATER  CONTENT  AND  ACID  NUMBERS  OF  MIL-H-5606F 


SAMPLE  NUMBER 

TOTAL  HOURS 

STAGE  HOURS 

WATER 

(ppm) 

ACID  NO. 
(mgKOH/gm) 

STAGE-1 

FRESH  FLUID 

0.0 

0.0 

56 

0.00 

MLO  93-1 

12.2 

0.2 

55 

0.00 

MLO  93-2 

18.0 

6.0 

57 

* 

MLO  93-3 

27.5 

15.5 

* 

* 

MLO  93-4 

42.5 

30.0 

94 

0.00 

STAGE-ll 

MLO  93-5 

44.2 

1.0 

89 

0.00 

MLO  93-6 

49.5 

6.3 

* 

* 

MLO  93-7 

58.3 

15.1 

* 

* 

MLO  93-8 

73.2 

30.0 

116 

0.08 

STAGE-1  II 

MLO  93-9 

76.6 

0.2 

92 

0.00 

MLO  93-10 

82.7 

6.0 

* 

* 

MLO  93-11 

91.4 

15.0 

♦ 

★ 

MLO  93-12 

106.0 

29.6 

90 

0.00 

MLO  93-13  (case  line) 

106.0 

29.6 

116 

0.00 

MLO  93-14  (pump  case) 

106.0 

29.6 

97 

* 

*  data  not  determined 


WATER  CONTENT  AND  ACID  NUMBERS  OF  MIL-H-87257 


SAMPLE  NUMBER 

TOTAL  HOURS 

STAGE  HOURS 

WATER 

(ppm) 

ACID  NO. 
(mgKOH/gm) 

STAGE-1 

FRESH  FLUID 

0.0 

0.0 

85 

0.04 

MLO  93-66 

0.1 

0.1 

127 

0.00 

MLO  93-15 

6.1 

6.1 

172 

* 

MLO  93-16 

15.3 

15.3 

169 

* 

MLO  93-67 

30.3 

30.3 

168 

* 

STAGE-ll 

MLO  93-68 

30.8 

0.5 

166 

0.00 

MLO  93-69 

36.3 

6.0 

♦ 

* 

MLO  93-70 

45.4 

15.1 

* 

* 

MLO  93-71 

60.3 

30.0 

173 

0.00 

STAGE-III 

MLO  93-72 

60.9 

0.6 

165 

0.00 

MLO  93-73 

66.7 

6.0 

* 

* 

MLO  93-74 

78.8 

15.0 

* 

♦ 

MLO  93-75 

93.8 

30.0 

154 

0.00 

*  data  not  determined 
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Table  2.  Trace  Metal  Analysis  of  Pump  Test  Fluid  Samples 


Test  33  with  MIL-H-5606F 


Test  34  with  MIL-H-87257 
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Appendix  A 

Inspection  Photographs  from 
Pump  Test  33,  MIL-H-5606F 


Stage  III 


Piston  1  Shoe  Face  After  Stages  I,  II,  and  III 
Pump  Test  33  with  MIL-H-5606F 

A-l 


Stage  III 


Piston  2  Shoe  Face  After  Stages  I,  II,  and  III 
Pump  Test  33  with  MIL-H-5606F 

A-2 


Stage  I 


Stage  II 


Stage  in 

Piston  3  Shoe  Face  After  Stages  I,  II,  and  III 
Pump  Test  33  with  MIL-H-5606F 


A-3 


Stage  m 


Piston  5  Shoe  Face  After  Stages  I,  II,  and  III 
Pump  Test  33  with  MIL-H-5606F 

A-5 


Stage  III 


Piston  6  Shoe  Face  After  Stages  I,  II,  and  III 
Pump  Test  33  with  MIL-H-5606F 

A-6 


Stage  HI 


Piston  7  Shoe  Face  After  Stages  I,  II,  and  III 
Pump  Test  33  with  MIL-H-5606F 

A-7 


Stage  ni 


Piston  8  Shoe  Face  After  Stages  I,  II,  and  III 
Pump  Test  33  with  MIL-H-5606F 

A-8 


Stage  III 


Piston  9  Shoe  Face  After  Stages  I,  II,  and  III 
Pump  Test  33  with  MIL-H-5606F 

A-9 


Hold  Down  Plate  -  Non  Rubbii 
Pump  Test  33  wil 


Cylinder  Block  Face  after  Stage  I,  II  and  III 
Pump  Test  33  with  MEL-H-5606F 


Stage  III 


Waffle  Plate  -  Rubbing  Side  after  Stage  II  and  HI 
Pump  Test  33  with  MIL-H-5606F 

A-13 


Waffle  Plate  -  Non  Rubbing  Side  after  Stage  II  and  III 
Pump  Test  33  with  MIL-H-5606F 


Stage  I 


Stage  II 


Stage  HI 


Actuator  Piston  -  Front  View  after  Stage  I,  II  and  III 
Pump  Test  33  with  MIL-H-5606F 


A-16 


Stage  II 


Stage  in 


Actuator  Piston  -Side  view  after  Stage  II  and  III 
Pump  Test  33  with  MIL-H-5606F 


A-17 


Housing  after  Stage  I 
Pump  Test  33  with  MIL-H-: 


Partial  Assembly  of  Test  Pump  after  Stage  II 
Pump  Test  33  with  MIL-H-5606F 


A-20 


Appendix  B 

Inspection  Photographs  from 
Pump  Test  34,  MIL-H-87257 


Pretest 


Stage  I 


Stage  II 


Stage  III 


Piston  1  Shoe  Face  at  Pretest,  and  After  Stages  I,  II,  and  III 
Pump  Test  34  with  MIL-H-87257 


B-l 


Stage  II 


Stage  III 


Piston  2  Shoe  Face  at  Pretest,  and  After  Stages  I,  n,  and  m 
Pump  Test  34  with  MIL-H-87257 

B-2 


Stage  II 


Stage  III 


Piston  3  Shoe  Face  at  Pretest,  and  After  Stages  I,  II,  and  III 
Pump  Test  34  with  MIL-H-87257 

B-3 


Pretest 


Stage  I 


Stage  II 


Stage  III 


Piston  4  Shoe  Face  at  Pretest,  and  After  Stages  I,  II,  and  IH 
Pump  Test  34  with  MIL-H-87257 


B-4 


Stage  II 


Stage  III 


Piston  5  Shoe  Face  at  Pretest,  and  After  Stages  I,  II,  and  III 
Pump  Test  34  with  MIL-H-87257 

B-5 


Pretest 


Stage  I 


Stage  n  Stage  III 


Piston  6  Shoe  Face  at  Pretest,  and  After  Stages  I,  II,  and  III 
Pump  Test  34  with  MIL-H-87257 


B-6 


Piston  8  Shoe  Face  at  Pretest,  and  After  Stages  I,  n,  and  III 
Pump  Test  34  with  MIL-H-87257 


Stage  II 


Cylinder  Block  Face  at  Pretest  and  after  Stage  I,  II,  and  in 
Pump  Test  34  with  MIL-H-87257 


Stage  I 


Stage  II 

Waffle  Plate  -  Non  Rubbing  Side  after  Stage  I  and  II 
Pump  Test  34  with  MIL-H-87257 


B-14 


Stage  HI 


Cylinder  Block  Plate  after  Stage  I,  II,  and  III 
Pump  Test  34  with  MIL-H-87257 


B-15 


Pretest 


Stage  I 


Stage  II 


Stage  in 


Actuator  Piston  -  Front  View  at  Pretest  and  after  Stage  I,  II,  and  III 
Pump  Test  34  with  MIL-H-87257 


Stage  I 


Stage  II 


Stage  III 

Actuator  Piston  -  Side  View  at  Pretest  and  after  Stage  I,  II,  and  III 
Pump  Test  34  with  MIL-H-87257 


B-17 


Pretest 


Stage  I 

Housing  at  Pretest  and  after  Stage  I 
Pump  Test  34  with  MDL-H-87257 


Stage  III 


Housing  after  Stage  II  and  m 
Pump  Test  34  with  MIL-H-87257 


B-19 


Partial  Assembly  of  Test  Pump  at  Pretest 
Pump  Test  34  with  MIL-H-87257 


Appendix  C 

Raw  Data  for  Pump  Test  33 
with  MIL-H-5606F 
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Vickers  PV3-300-7B  TEST  FLUID  : 

MX  4906S9B  PUMP  TEST  DATA  FOR  AnCRAFT  HYDRAULIC  FLUIO  Mil-  H-5606F 

WIVMLBT.  WPAFB  PUMP  TEST  STAND  NO.  1  MLO  92  144 


Appendix  D 

Raw  Data  for  Pump  Test  34 


with  MIL-H-87257 
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Static  Reading  (Offset)  During  the  Whole  Test  -  -9  0  psi. 
Static  Reading  (Offset)  During  the  Whole  Test  -  £.0  psi. 


At  pump  case  outlet 

At  pump  case  filter  inlet  (after  case  flow  heat  exchanger;  before  inlet  to  case  filter). 


Vickers  PV3-300-7B  TEST  FLUID: 

MX  480651 B  PUMP  TEST  DATA  FOR  AfiCRAFT  HYDRAULIC  FUJD  Mil-H-87257  (Royco) 

WUMLBT.  WPAFB  PUMP  TEST  STAND  NO  1  MLO  02-11,  MLO-92-142C 


2211051  18S74I  I  I  52301  I  1712|  I  163|  |  14| 

A  Static  Reading  (Offset)  During  the  Whole  Test  -  -9.0  psi. 
AA  Static  Reading  (Offset)  During  the  Whole  Test  -  -6.0  psi. 


